The detailed optical properties have been determined for the iron-based materials AFe2As2, where A = Ca, Sr, and Ba, for light polarized in the iron-arsenic (a-b) planes over a wide frequency range, above and below the magnetic and structural transitions at TN = 172, 195, and 138 K, respectively. The real and imaginary parts of the complex conductivity are fit simultaneously using two Drude terms in combination with a series of oscillators. Above TN , the free-carrier response consists of a weak, narrow Drude term, and a strong, broad Drude term, both of which show only a weak temperature dependence. Below TN there is a slight decrease of the plasma frequency but a dramatic drop in the scattering rate for the narrow Drude term, and for the broad Drude term there is a significant decrease in the plasma frequency, while the decrease in the scattering rate, albeit significant, is not as severe. The small values observed for the scattering rates for the narrow Drude term for T TN may be related to the Dirac cone-like dispersion of the electronic bands. Below TN new features emerge in the optical conductivity that are associated with the reconstruction Fermi surface and the gapping of bands at ∆1 45 − 80 meV, and ∆2 110 − 210 meV. The reduction in the spectral weight associated with the free carriers is captured by the gap structure, specifically, the spectral weight from the narrow Drude term appears to be transferred into the low-energy gap feature, while the missing weight from the broad term shifts to the high-energy gap.
I. INTRODUCTION
The discovery of the iron-based superconductors has resulted in an intensive investigation of this class of materials in the hope of discovering new compounds with high superconducting critical temperatures (T c 's) [1] [2] [3] [4] . The iron-arsenic materials are characterized by Fe-As sheets separated by layers of different elements or chemical structures. One material, BaFe 2 As 2 , is particularly useful as superconductivity can be induced by the application of pressure [5] [6] [7] [8] , as well as electron [9] [10] [11] [12] , hole [13] [14] [15] , or isovalent doping [16] [17] [18] [19] , with T c 's as high as 40 K in the hole-doped material. At room temperature, BaFe 2 As 2 is a paramagnetic metal with a tetragonal structure. The resistivity in the planes decreases with temperature until it drops anomalously as the material undergoes a magnetic transition at T N 138 K to a spin-density-wave (SDW)-like antiferromagnetic ground state that is also accompanied by a structural transition to an orthorhombic phase [20] [21] [22] . The resistivity also displays a slight anisotropy close to and below T N , being slightly larger along the b axis than along a [23] ; however, this anisotropy decreases dramatically if the samples are annealed [24] . The related materials CaFe 2 As 2 and SrFe 2 As 2 have similar transport properties due to magnetic and structural transitions that occur at T N 172 and 195 K, respectively [25] [26] [27] [28] [29] [30] .
The broad interest in this family of materials has resulted in a number of optical studies [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . Early investigations treated the free-carrier response using only a single band. However, a minimal description of the electronic structure of the iron-arsenic materials consists of hole and electron pockets at the center and corners of the Brillouin zone, respectively [42, 43] . As a result, more recent studies consider a two band approach (the so-called two-Drude model) in which the electron and hole pockets are treated as separate electronic subsystems [44] . Above T N , this model reveals the presence of a narrow Drude response that has a strong temperature dependence in combination with a broad Drude term that is essentially temperature independent. Below T N , the optical conductivity undergoes dramatic changes due to the reconstruction of the Fermi surface [45] [46] [47] [48] [49] [50] [51] ; however, one of the most detailed optical studies on this family of materials restricts the two-Drude analysis to T T N [39] .
In this work we have determined the detailed temperature dependence of the complex optical properties in the a-b planes of single crystals of BaFe 2 As 2 , SrFe 2 As 2 , and CaFe 2 As 2 , above and below T N . This has allowed us to track the evolution of the electronic properties and the SDW gap-like features (T < T N ) with the different alkali earth atoms. The complex conductivity has been modeled using the two-Drude model. Above T N , the complex conductivity is described by a strong, broad Drude response, and a narrow, less intense term, both of which exhibit only a weak temperature dependence, in combination with a strong interband feature at about 0.5 eV; these results are in good agreement with other works. Below T N , there is a dramatic narrowing of the Typeset by REVT E X arXiv:1608.05709v3 [cond-mat.str-el] 3 Apr 2017
Drude responses and a suppression of the low-frequency conductivity as spectral weight is transferred to two new gap-like features that appear below about 200 meV. To avoid the difficulties of false convergence typically associated with the extra degrees of freedom due to these new gap features, we introduce the constraint that the spectral weight due to the Drude terms above T N must be captured by the Drude terms and the two oscillators used to describe the gap features below T N . Using this approach, reliable convergence is achieved and we are able to track the detailed temperature dependence of the Drude and Lorentz parameters below T N .
We observe the same response in all three materials; namely, just below T N there is a slight reduction of the plasma frequency for the narrow term, but a dramatic decrease of the scattering rate, while for the broad Drude term there is a significant reduction of both the plasma frequency and the scattering rate. The missing spectral weight in the narrow Drude term appears to be transferred to the low-energy gap feature (∆ 1 45−80 meV), while the missing weight from the broad Drude term appears to be transferred to the high-energy gap (∆ 2 110 − 210 meV). We also note that the increasing values for the plasma frequencies and the gap values are scaling roughly with the electron affinities of the alkali earth atoms.
II. EXPERIMENT
Single crystals of AFe 2 As 2 (A = Ba, Sr, or Ca) were grown using conventional high-temperature solution growth techniques either out of self flux (A = Ba) [10] , or out of Sn flux (A = Sr, Ca) [52, 53] and characterized by scattering and bulk physical measurements. These crystals have not been annealed.
The reflectance of mm-sized, as-grown crystal faces has been measured at a near-normal angle of incidence for light polarized in the a-b planes over a wide frequency range from the far infrared ( 2 meV) to the ultraviolet ( 4 − 5 eV) for a wide variety of temperatures above and below T N using an in situ evaporation technique [54] . The complex optical conductivity has been determined from a Kramers-Kronig analysis of the reflectance [55] , which requires extrapolations for ω → 0, ∞. At low frequency, the material is always metallic, so the Hagen-Rubens form for the reflectance is employed, R(ω) = 1 − a √ ω, where a is chosen to match the data at the lowest-measured frequency point. Above the highest-measured frequency, the reflectance is typically assumed to be constant up to 8 × 10 4 cm −1 , above which a free-electron gas asymptotic reflectance extrapolation R(ω) ∝ 1/ω 4 is assumed [56] .
III. RESULTS AND DISCUSSION
For simplicity, the multiple hole and electron bands are gathered into single electron and hole pockets that are treated as two separate electronic subsystems using the so-called two-Drude model [44] with the complex dielectric function˜ = 1 + i 2 ,
where ∞ is the real part at high frequency. In the first sum ω 2 p,D;j = 4πn j e 2 /m * j and 1/τ D,j are the square of the plasma frequency and scattering rate for the delocalized (Drude) carriers in the jth band, respectively, and n j and m * j are the carrier concentration and effective mass. In the second summation, ω k , γ k and Ω k are the position, width, and strength of the kth vibration or bound excitation. The complex conductivity is
377 Ω is the impedance of free space.
A. BaFe2As2
The temperature dependence of the real part of the optical conductivity of BaFe 2 As 2 for light polarized in the a-b planes is shown in Fig. 1(a) in the infrared region. Above T N , the conductivity is metallic with a Drudelike free carrier component that slowly gives way with increasing frequency to a series of interband transitions (the reflectance and the optical conductivity are shown over a broader energy range in Figs. S1 and S2 in the Supplemental Material). Below T N , a narrow free-carrier response is observed at low frequency and there is a dramatic suppression of the conductivity in the far-infrared region with a commensurate transfer of spectral weight to the peaks that emerge at 360 and 900 cm −1 . The spectral weight is defined as the area under the conductivity curve over a given interval,
These results are in good agreement with other optical studies of this material [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The real and imaginary parts of the complex optical conductivity have been fit simultaneously with the Drude-Lorentz model using a non-linear least-squares technique. For T > T N , the data was initially fit using a single Drude component and a series of Lorentzian oscillators to reproduce the interband transitions; however, even with extremely overdamped oscillators, the returned fits were of poor quality. A low-frequency Lorentz oscillator was introduced to improve the quality of the fit; however, the best result was obtained when the frequency of this oscillator went to zero and a second Drude component was recovered. Given the multiband nature of this material, this is a natural result. While there are as many as five Fermi surfaces, we have adopted a minimal description that only considers two sets of carriers; this approach has the advantage of producing good fits, as well as keeping the total number of parameters (degrees of freedom) relatively low, an approach that typically results in fits with good convergence.
The fit to the real part of the optical conductivity using the two-Drude model above T N at 200 K is shown in Fig. 1(b and ω 2 13 800 cm −1 , which are attributed to interband transitions [57, 58] ; the parameters for the Drude components, as well as the first two Lorentzian oscillators, are listed in Table I (a). The observation of narrow and broad terms in the two-Drude analysis is in agreement with other optical studies [37] [38] [39] [40] , and appears to be a general result for most of the iron-based materials that incorporate iron-arsenic sheets. If the plasma frequencies for the free carriers are added in quadrature [Eq. (3)], then the derived plasma frequency ω p 12 900 cm −1 is in good agreement with a previous study on this material that considered only a single Drude component [31] .
This approach has also been applied to the optical conductivity below T N , where two new oscillators at ω 01 360 cm −1 and ω 02 900 cm −1 have been included to reproduce the broad peaks that emerge in the optical conductivity at low temperature. However, the six extra degrees of freedom introduced by the two new oscillators can lead to a false convergence with non-unique solutions. By observing that the loss of spectral weight of the free carriers below T N appears to be captured by the two new oscillators, we can introduce the constraint that the redistribution of the spectral weight among these fitted parameters must be a conserved quantity. This is equivalent to the statement that below 5000 cm −1 the spectral weight is roughly constant. Thus, above and below T N ,
where Ω 01 and Ω 02 are the strengths of the two new oscillators; this constraint leads unique solutions (this is explored in more detail in the Supplemental Material).
The results of the fit to the data at 100 K using this approach are shown in Fig. 1(c) ; the Drude components have narrowed and lost spectral weight, which has shifted to the two new oscillators; the excitation ω 1 has shifted upwards slightly to 4600 cm −1 , but otherwise shows relatively little temperature dependence below T N [Table I(a)]. These results are in good agreement with the optical conductivity of a detwinned sample at 5 K [37] , which show that the broad Drude component is only observed along the a axis, while the narrow Drude component observed in both the a and b directions. The fact that the narrow Drude component is isotropic suggests that it is not related to the magnetic order in this material.
The temperature dependence of the plasma frequencies and scattering rates for the two Drude components Table I . The results of the non-linear least-squares fit of the two-Drude model with Lorentz oscillators to the complex conductivity of BaFe2As2, SrFe2As2, and CaFe2As2 at all measured temperatures. The terms D1 and D2 denote the two Drude contributions, while L1 and L2 are the two low-frequency Lorentzian oscillators; the two new oscillators that appear below TN are denoted L01 and L02. The oscillators above 0.5 eV display relatively little temperature dependence. The estimated errors for the location and width are typically 2% or less, and 5% or less for the plasma frequency (oscillator strength). All units are in cm −1 unless otherwise indicated. are shown in Figs. 1(d) and 1(e), respectively; above T N the parameters are essentially temperature independent, which is not surprising given the weak temperature dependence of the optical conductivity. Below T N , the plasma frequency for the broad Drude component decreases dramatically from ω p,D;2 12 300 → 3800 cm −1 , while the plasma frequency for the narrow component decreases only slightly, ω p,D;1 4200 → 3400 cm −1 . The total carrier concentration is observed to decrease from ω p,D 12 900 → 5100 cm −1 . This roughly 85% decrease in the number of free carriers is in agreement with previous estimates [31, 32] . The values for the plasma frequencies of the narrow and broad Drude components, and the intensities of the two new oscillators obey the constraint in Eq. (3), with ω p 13 200 ± 500 cm −1 (T T N ). A closer examination of the values returned from the fits reveals that the missing spectral weight from the narrow Drude component appears to be captured by ω 01 ,
and likewise the loss of spectral weight from the broad Drude component appears to be captured by ω 02 ,
Allowing that the Fermi surface reconstruction below T N results in the partial gapping of these two pockets, it is reasonable to associate ω 01 and ω 02 with gap-like features in the optical conductivity that gap-like features that appear to be more or less isotropic in the a-b planes [37, 59] . The average optical gap for the narrow Drude band is therefore estimated to be ∆ 1 44 meV, while for the broad Drude band it is ∆ 2 112 meV. These estimates are in good agreement with the peaks observed in the Raman response [60] and the optical conductivity [31, 39] , as well as the values for ∆ 1 and ∆ 2 determined from them (in this work the average value for the gap is always associated with the peak in the conductivity).
The scattering rate for the broad Drude term drops abruptly below T N , 1/τ D, 2 1200 → 190 cm −1 , while the scattering rate for the narrow Drude component drops by over an order of magnitude, 1/τ D, 1 90 → 3 cm −1 . As Fig. 1 (c) demonstrates, it is rather difficult to determine small values of 1/τ D from fits to only the real part of the Drude optical conductivity,
which has the form of a Lorentzian centered at zero frequency with a full width at half maximum of 1/τ D and
This difficulty is further illustrated in the fit to the data at 5 K in Fig. 2(a) , where most of the spectral weight of the narrow Drude component lies below 100 cm −1 ; if the fit was restricted to only σ 1 (ω), the narrow scattering rate would be nearly impossible to determine with any degree of confidence. However, in our analysis the real and imaginary parts of the optical conductivity are fit simultaneously. The imaginary part of the Drude conductivity,
is considerably broader than the real part, as Fig. 2(b) indicates, allowing values of 1/τ D 10 cm −1 to be fit reliably. Thus, despite the loss of free carriers below T N , the decrease in the scattering rate for the narrow Drude component is responsible for the increasingly metallic behavior at low temperature [31] .
B. SrFe2As2
The temperature dependence of the real part of the optical conductivity for SrFe 2 As 2 (T N 195 K) for light polarized in the a-b planes is shown in Fig. 3(a) in the infrared region. The overall temperature dependence is quite similar to that of BaFe 2 As 2 . Above T N , the conductivity is metallic and displays little temperature dependence, while below T N the dramatic narrowing of free carrier contribution and decrease in the low-frequency conductivity leads to the redistribution of spectral weight over a much larger energy scale with a prominent peak appearing at 1400 cm −1 (the reflectance and the optical conductivity are shown over a broader energy range in Figs. S4 and S5 in the Supplemental Material); however, this feature was observed at a much lower energy, 900 cm −1 , in BaFe 2 As 2 . The optical conductivity has been fit using the twoDrude model. The result for the fit just above T N at 200 K is shown in Fig. 3(b) where it is decomposed into the individual contributions from the Drude and Lorentz components. The free-carrier response is reproduced using a narrow and a broad Drude component, with ω p,D;1 5100 cm 18 400 ± 600 cm −1 . These results are consistent with other optical studies of this material [31, 39] .
The fits to the complex conductivity for T < T N are again performed using the constraint in Eq. (3). The results of the fit at 100 K, shown for the real part of the optical conductivity in Fig. 3(c) , indicate that both Drude components decrease in strength and narrow below T N at the same time that spectral weight is transferred into two new Lorentz oscillators at ω 01 470 cm 2350 → 330 cm −1 , while significant, is less dramatic. The total carrier concentration is observed to decrease from ω p,D 18 400 → 6200 cm −1 ; this ≈ 89% decrease in the number of free carriers for T T N is somewhat larger than what was observed in BaFe 2 As 2 [31] . The values for the plasma frequencies of the narrow and broad Drude components, and the intensities of the two new oscillators sum to ω p 17 320 ± 600 cm −1 (T T N ), indicating that the spectral weight from the narrow and broad Drude components has been almost entirely transferred into the two new oscillators, ω 01 and ω 02 . The estimates for the optical gap energies are ∆ 1 58 meV and ∆ 2 180 meV, respectively. The value for the large gap is in good agreement with Raman results [61] ; however, both of these values are somewhat larger than previous optical estimates [39] . A possible source of uncertainty is that the gap features in this material are much broader than in BaFe 2 As 2 , making them more difficult to fit unless controls such as the conservation of spectral weight described in Eq.(3) are introduced.
C. CaFe2As2
The temperature dependence of the real part of the optical conductivity for CaFe 2 As 2 (T N 172 K) with light polarized in the a-b planes is shown in Fig. 4 Table I (c)]. Below T N , there is once again the characteristic narrowing of the free-carrier response coupled with the dramatic suppression of the low-frequency conductivity and the transfer of spectral weight into the peak that emerges at 1720 cm −1 . The result of the fit to the complex conductivity above T N at 200 K using the two-Drude model is compared to the real part in Fig. 4(b) , where it is decomposed into its individual contributions. As in previous cases, the free-carrier response is described quite well by a narrow and a broad Drude component of ω p,D;1 8900 cm [39] . Above T N , the scattering rate for the broad Drude component has a weak temperature dependence, while the narrow component has a strong temperature dependence, decreasing from 1/τ D,1 730 cm −1 at room temperature to 400 cm
Below T N the two-Drude model is fit to the complex conductivity using the previously described technique. The results of the fit at 100 K, shown for the real part of the optical conductivity in Fig. 4(c) , once again show that both Drude components decrease in strength and narrow at the same time that spectral weight is transferred into two new Lorentz oscillators at ω 01 660 cm The values for the plasma frequencies of the narrow and broad Drude components, and the intensities of the two new oscillators sum to ω p 16 540 cm −1 (T T N ), indicating that a significant portion of the spectral weight has been shifted into the two new oscillators, ω 01 and ω 02 , leading to estimates for the optical gap energies of 82 meV and 207 meV, respectively. Both of these values are somewhat larger than previous optical estimates [39] , and the value for the large gap is larger than the strong feature observed in the Raman response [62] . However, as in the case of SrFe 2 As 2 , the gap features are rather broad, and in the absence of controls, are difficult to fit reliably. 
D. Common features
Common to all these material is the result that above T N the optical conductivity is reproduced by a strong, broad Drude response that shows little temperature dependence, and a weaker, narrower Drude response where the scattering rate displays a slight temperature dependence. For the progression AFe 2 As 2 , for A = Ba, Sr and Ca, the plasma frequencies for both the narrow and broad Drude components, the scattering rates, and the gap-like features are all increasing (although we would remark that 1/τ D,1 and 1/τ D,2 are substantially lower in BaFe 2 As 2 than in either of the other two materials). The trends in the electronic properties appear to follow the electronegativity (electron affinity) of the alkali earth atoms (Table II) . The Pauling electronegativities of Ba, Sr, and Ca are χ P = 0.89, 0.95 and 1.00, respectively. The increasing electron affinity also leads to a decrease in the covalent radius of 1.98, 1.92, and 1.74Å, which is also connected to the decreasing c-axis lattice parameter of 13, 12.4 and 11.7Å for the Ba [20] , Sr [25] , and Ca [63] materials, respectively. Thus, while the electronegativities of the alkali earth atoms are a useful guide for establishing trends in these materials, we would caution that the electronic structure, especially below T N , is quite complicated, and that detailed structural properties should also be taken into consideration.
In each material, below T N , despite the appearance of new structure in the optical conductivity that signals the reconstruction and partial gapping of the Fermi surface, the two-Drude model continues to reproduce the freecarrier response quite well. For the broad Drude component, both the plasma frequency and the scattering rate undergo a significant reduction below T N , while for the narrow Drude component the plasma frequency decreases only slightly, while the scattering rate decreases by over an order of magnitude. More specifically, 1/τ D,1 has a strong temperature dependence below T N , while 1/τ D,2 undergoes an abrupt drop just below T N , below which it remains relatively constant ( Table I ). The dramatic collapse of the scattering rate for the narrow Drude component for T T N is reminiscent of what is observed in other materials where a Fermi surface reconstruction leads to large portions of the Fermi surface being removed, with a concomitant loss of free carriers; in some special cases this is referred to as a "nodal metal" [64] [65] [66] , but more generally it describes any semimetal with a very small Fermi surface. In multiband materials, it is not uncommon for one (or more) of the scattering rates to be quite small, typically on the order of several cm −1 [67, 68] . The very small values of 1/τ D,1 at low temperatures is similar to what is seen in some Weyl and Dirac semimetals, where scattering rates are only a few cm −1 [69] [70] [71] ; indeed, the observation [47] and calculation [59] of Dirac cone-like dispersion of the electronic bands of BaFe 2 As 2 below T N suggests that this is a natural comparison.
In all three materials, structure is observed in the optical conductivity that is associated with the partial gapping of the Fermi surface appears below T N , a small gap (∆ 1 ) and a large gap (∆ 2 ); these features may be associated transitions between relatively flat bands located at high-symmetry points (Γ and M ) [59] . The values range from ∆ 1 44 − 82 meV for the small gap to ∆ 2 112 − 207 meV for the large gap. This yields values of ∆ 1 /k B T N 3.8 − 5.5 and ∆ 2 /k B T N 9.4 − 14, where k B is Boltzmann's constant. As previously noted, both ∆ 1 and ∆ 2 are increasing across this family of materials; however, the ratio of the gaps shows little variation, with ∆ 2 /∆ 1 2.5 − 3, suggesting that the gaps scale with the electronic bandwidth.
IV. CONCLUSIONS
The temperature dependence of the detailed optical properties of BaFe 2 As 2 , SrFe 2 As 2 , and CaFe 2 As 2 single crystals have been determined over a wide energy range above and below T N 138, 195 and 172 K, respectively, for light polarized in the a-b planes. The complex optical properties may be reliably fit using two Drude components in combination with a series of Lorentz oscillators. Above T N in all three materials, the free-carrier response consists of a weak, narrow Drude term, and a much stronger, broader Drude term, both of which display only a weak temperature dependence. The plasma frequencies of both the narrow and broad terms are observed to increase in the Ba, Sr, and Ca family of materials. Below T N the Fermi surface reconstruction produces dramatic changes in the complex conductivity. While the materials are increasingly metallic at low temperature, there is a decrease in the low-frequency spectral weight from both the narrow and broad Drude components and a commensurate transfer to the gap-like features (∆ 1 and ∆ 2 ) observed at higher energies. The complex conductivity may only be reliably fit using the two-Drude model if the constraint that the spectral weight is constant below roughly 5000 cm −1 is introduced. The loss of spectral weight from the narrow Drude component is apparently transferred to peak in the optical conductivity associated with the low-energy gap ∆ 1 , while the loss of spectral weight from the broad Drude component is apparently transferred the high-energy gap ∆ 2 .
Below T N , both the plasma frequency and the scattering rate in the broad Drude term decrease substantially; the plasma frequency in the narrow Drude term experiences a slight decrease, but scattering rate decreases by over an order of magnitude, and in the case of BaFe 2 As 2 , is only a few cm −1 for T T N . Dirac semimetals often display extremely small scattering rates, suggesting that the extraordinarily low value for the scattering rate in these materials may be related to the Dirac cone-like dispersion observed in the electronic bands below T N . The reflectance and the real part of the optical conductivity for BaFe 2 As 2 for light polarized in the a-b planes is shown up to 8200 cm −1 (just over 1 eV) 1 at a variety of temperatures above and below T N 138 K in Figs. S1 and S2, respectively. The results are in good agreement with previous optical studies of this material [1] [2] [3] [4] [5] [6] [7] [8] . Above T N the conductivity is metallic and has been fit using a simple Drude-Lorentz model for the dielectric function,
where ∞ is the real part at high frequency, ω Figure S1 . (Color online) The reflectance of BaFe2As2 for light polarized in the a-b planes is shown in the infrared region for a variety of temperatures above and below TN 138 K. Below TN the low-frequency reflectance increases dramatically; however, at slightly higher frequencies it decreases, and then increases again in the mid-infrared region with decreasing temperature. The temperature dependence in the reflectance extends to roughly 1 eV. Inset: The low-frequency reflectance for T TN , and at several temperatures below TN .
Attempts to fit the real and imaginary parts of the complex conductivity simultaneously above T N using a nonlinear least-squares technique with a single Drude component resulted in poor fits with strongly overdamped Lorentzian oscillators. When a low-frequency Lorentzian oscillator is introduced to improve the fit and the frequency allowed to vary, it converges to a solution with a second Drude component with a vastly improved fit. This is a natural conclusion for a multiband material, so we have adopted a two-Drude model [9] to fit the optical conductivity above T N with good results; we denote the different Drude components as D 1 and D 2 . Below T N the situation becomes more complicated with suppression of the low-frequency conductivity and the transfer of spectral weight to high frequency in the form of peaks at 350 and 1000 cm −1 ; the peak in the midinfrared at 4400 cm −1 remains largely unaffected. The spectral weight, S(ω), is defined here as the area under the conductivity curve
in the limit S(ω → ∞) = ω 2 p /8, which is simply the f -sum rule. The presence of the new peaks about 350 and 1000 cm −1 complicates the fit to the low-temperature data. While the two-Drude model is still used, the addition of two new Lorentzian oscillators to describe the peaks results in the fit yielding a false convergence; that is, the solution is not unique. However, the fits up to 3 eV indicate that the oscillators used to describe the absorptions in the midinfrared and above display little temperature dependence, nor are they sensitive to the details of the structure below about 2500 cm −1 ; these oscillators are denoted as L 1 and L 2 in Table I , which is reproduced from Table I(a) from the main text (a third high-frequency oscillator L 3 at about 3 eV is not shown). If we associate the new peaks that appear below T N , L 01 and L 02 , with the redistribution of the spectral weight of the free carriers into bound excitations due to the partial gapping of the Fermi surface, then we can introduce the constraint that this redistribution of spectral weight must be a conserved quantity.
We demonstrate the conservation of spectral weight argument in the following way. We calculate the contribution to the optical conductivity from L 1 and L 2 just above T N at 150 K, and then for all measured temperatures below T N , then remove these contributions from the optical conductivity and calculate the integrated spectral weight up to 5000 cm
where ω p is a plasma frequency that incorporates the spectral weight from the two Drude components (D 1 and D 2 ) as well as the two new Lorentzian peaks (L 01 and L 02 ). The results are shown in Fig. S3 , and indicate that by 5000 cm
the integrals have all converged to ω p 12 900 ± 500 cm −1 . This is consistent with the observation for T > T N that the spectral weight associated with the two Drude components is 13 000cm −1 . The structure associated with the redistribution of spectral weight below T N should also sum to this value, 
This imposes a filter on the solutions; by rejecting those that do not satisfy the conservation of spectral weight, a unique solution may be determined, as indicated by the values described in Table I . An example of a solution in which the spectral weight is not conserved is one in which ω p,D;2 remains essentially unaffected below T N and 1/τ D,2 becomes extremely large, creating an incoherent background upon which all the other features are superimposed, leading to a significant decrease in the intensity of L 1 and a larger than expected spectral weight. Photon energy (eV) Figure S3 . (Color online) The optical conductivity sum rule for BaFe2As2, for light polarized in the a-b planes, with the contributions from the oscillators L1→3 removed. Note that above and below TN , the curves all converge to ωp 13 000 cm
at about 5000 cm −1 , indicating that despite the dramatic transfer of spectral weight below TN the redistribution is restricted to energies below about 0.5 eV.
Electronic properties of SrFe 2 As 2
The reflectance and the real part of the optical conductivity for SrFe 2 As 2 for light polarized in the a-b planes is shown in the infrared region at a variety of temperatures above and below T N 195 K in Figs Overall, the optical conductivity is in good agreement with previous works [1, 7] . The real and imaginary parts of the complex conductivity have been fit with the two-Drude model using the same strategy that was employed in the previous section in an effort to rule out spurious solutions. The new peaks that develop below below T N at 470 and 1450 cm −1 occur at a significantly higher energies than the complimentary features in BaFe 2 As 2 , where they were observed at 360 and 900 cm 
Electronic properties of CaFe 2 As 2
The reflectance and the real part of the optical conductivity for CaFe 2 As 2 for light polarized in the a-b planes is shown in the infrared region at a variety of temperatures above and below T N 195 K in Figs. S6 and S7, respectively. The behavior of the optical conductivity is in agreement with another study [10] to what was observed in BaFe 2 As 2 and SrFe 2 As 2 ; however, above T N there does appear to be more temperature dependence in the low-frequency conductivity than was observed in either of other two materials. Below is once again a dramatic narrowing of the low-frequency conductivity with the commensurate loss of spectral weight
